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Abstract 
Scarcity of freshwater for agricultural production is becoming an ever increasing global environmental issue and one that will 
impact the food security of many nations in the very near future. Turkey is one of the key agricultural production nations in the 
world. The OECD estimates that Turkey is the world’s seventh-biggest agricultural producer. With 40% of its total land area 
arable, it is the world’s number one producer in numerous agricultural produce, including being the biggest wheat producer in the 
region. However its animal production system with the exception of poultry has declined considerably over the past few decades. 
The country has gone from being a livestock exporter in the 1980’s to a major importer of red meat and slaughter animals since 
2009. Despite the reduction in it national herd size the country has still managed to increase it’s animal production water 
footprint (WF) due to inefficient natural resource management practices. Simulations of global climate change by the 
Intergovernmental Panel on Climate Change (IPCC) with 21 different models, predicts a 12% decrease in annual rainfall in 
southern Europe and the Mediterranean Basin. As Turkey’s annual water withdrawals are expected to exceed 20% of the annual 
renewable water supply, the country is likely to be at risk of suffering water stress in the next decade. Despite such grim 
prospects Turkey’s agricultural sector is taking very few tangible water conservation measures. There is a real opportunity for 
Turkey to better utilize its rich water resources and become self sufficient for its animal production systems by adopting irrigated 
pasture improvement for grazing. 
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1. Introduction 
Climate change is probably one of the most defining factors affecting agricultural production around the world 
[1]. Although carbon footprints are generally recognised as the main indicator of greenhouse gas (GHG) emissions, 
it has limitations in showing the overall environmental impacts. [2] cites the well-established environmental 
practices of wastewater treatment and paper recycling as examples of activities, which generally increase GHG 
emissions, therefore if evaluated only on the basis of carbon foot printing, would be considered unbeneficial. Energy 
use and its carbon footprint are well documented in all sectors of industry around the world, however freshwater use 
in the agricultural sector should also be equally recognised as a potential source of serious environmental harm [3]. 
Alongside climate change global water stress is now an international issue that threatens irreversible environmental 
change and harmful impacts on human wellbeing [4,5]. Whilst the ease of conducting an assessment of 
environmental impact by carbon foot printing has been the main driving force for this standalone system, the 
comprehensiveness attained by the inclusion of Water Foot printing (WF) should not be ignored. The water footprint 
concept is an indicator of water use in relation to consumer goods [6]. The concept is an analogue to the ecological 
and carbon footprints, but indicates water use instead of land or fossil energy use. The water footprint of a product is 
the volume of freshwater used to produce the product, measured over the various steps of the production chain. A 
water footprint generally breaks down into 3 components: the blue, green, and grey water footprint. The blue water 
footprint is the volume of freshwater that is evaporated from the global blue water resources (surface and 
groundwater). The green water footprint is the volume of water evaporated from the global green water resources 
(rainwater stored in the soil). The grey water footprint is the volume of polluted water, which is quantified as the 
volume of water required to dilute pollutants to such an extent that the quality of the ambient water remains above 
agreed water quality standards [7].   
The global annual average WF related to agricultural, industrial production and domestic water supply for the 
period 1996–2005 was 9.087 Gm3/y. Calculated per capita this figure comes to 1385 m3 per person per year. Off this 
water consumed 74% was green water, 11% was blue water and 15% was grey water. Agricultural production made 
up the largest use share, accounting for 92% of the total global WF, industrial production contributed 4.4% and 
domestic water supply only accounted for 3.6% [8]. Figure 1 shows the contribution of different product categories 
to the global WF average per person given in m3. 
 
Fig 1. Contribution of different product categories to the global water footprint of consumption (in m3/yr/cap) [10]. 
 
This suggests that if humanity really wanted to make an impact in reducing their water footprint it should look 
critically at its diet rather than the length of time it spends in the shower. Reducing the consumption of meat and 
other livestock products is a common recommendation in many studies [9,10]. Off course it is difficult for the 
average consumer to grasp this concept, one can more easily shorten their shower time and feel that they are doing 
good for the environment, but radically changing their diet would required more convincing. An average person can 
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clearly see water pouring down the drain and be inclined to do something about it but would have more difficulty 
visualising the gallons of water poured onto crops to grow the fodder for the steers to create that evenings kebab 
meal, and yet the latter has a far more devastating effect on the environment then the former. As an example a 
person would be hard pressed to use 500 lts of water even if they took an hour-long shower however a 1kg family 
roast would have used approximately 15,000 lts of water before making its way to the dinner table.  The main 
contributor to this massive WF is the cultivation of feed required to produce the animal product whether it be eggs, 
meat or dairy products. As stated above the consumer is far removed from this process and has little idea of the 
amount of fresh water required to produce a chunk of steak or a piece of cheese. Even the farmer sometimes can’t 
appreciate WF of the feed as it may be imported from overseas or processed off the farm. Recent research has 
shown that about 27% of the water footprint of humanity is related to the production of animal products [8]. In the 
period from 2001 to 2007, on average 37% of the cereals produced in the world were used for animal feed [11]. It is 
becoming increasingly relevant to study the implications of farm animals on water resource use, not only because 
global meat production almost doubled in the period from 1980 to 2004 [12], but also because meat production is 
projected to double in the period from 2000 to 2050 [9].  
Trade in animal products and industrial products contributed 12% each to the global virtual water flows. The 
United States, Pakistan, India, Australia, Uzbekistan, China, and Turkey are the largest blue virtual water exporters, 
accounting for 49% of the global blue virtual water export. All of these countries are partially under water stress 
[13,14,15], which raises the question, whether the implicit or explicit choice to consume the limited national blue 
water resources for export products is sustainable and most efficient [8]. Fig. 2 shows the countries around the globe 
either presently or soon to be under water stress, Turkey, shown in the yellow areas falls within this category. 
 
 
Figure 2. Areas in the world suffering from depleted water resources (International Water Management Institute) 
Blue areas: Little or no water scarcity with abundant water resources relative to use, where less than 25% of water is extracted for human 
purposes. Yellow areas: Approaching physical water scarcity with more than 60% of river flow and or artesian flow is extracted. These areas will 
experience physical water scarcity in the near future. Orange areas: Physical water scarcity where water resource development is approaching or 
has exceeded sustainable limits with more than 75% of river flow or artesian flow is extracted for agriculture. Red areas: Limited access to water 
even though natural local supplies area available to meet human demands. Grey areas: Not estimated by the authority. 
 
 
Because food production is the major form of freshwater consumption by human societies [16], we often 
calculate the “carrying capacity” of a nation, i.e., its maximum sustainable population, on the basis of the water 
resources currently available for agriculture and livestock. The carrying capacity, although difficult to quantify, is a 
key notion for characterizing the relationship existing between demographic dynamics and their possible resource 
limitation [17,18,19]. Almost one-third of all of the world’s nations (i.e., water-rich and VW-dependent countries), 
the carrying capacity depends on their food availability, which, in turn, depends on the available water resources 
[20]. Therefore, a quantitative estimate of the average local carrying capacity of country is obtained by dividing the 
total water currently available for food production in that country [i.e., the current footprint of crops, grazing, and 
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livestock [7,10] by the volume of water used to produce the food consumed on average by one individual in that 
nation [21,22,7].  
1.1. Turkey’s Water Footprint 
At 23m ha, Turkey’s arable land is twice the size of Greece’s entire territory. About 4m ha of that lies fallow, 
making Turkey extremely attractive to its thirstier neighbours. Turkey is a prime piece of agricultural land, in the 
middle of a mismanaged, poorly depleted region, with good supply of water to support high production [23]. 
Although Turkey is one of the most water rich countries in the Mediterranean, due to poor water resource 
management and an enormous population increase in recent decades (from 28 million in the 1960’s to presently 
almost 80 million), it is now barely water self sufficient [20] and will suffer from water scarcity within the next 5 to 
8 years [24]. Turkeys average water footprint is 1642 m3/year per capita. The global average water footprint for 
nations is 1385 m3/yr per capita (Fig. 3) [8]. 
73% of the total water supply of Turkey is used for agricultural irrigation, 16% for domestic and the remaining 
11% for industrial purposes [24]. Turkey’s use of non-renewable groundwater to sustain present irrigation needs has 
tripled since the 1960’s.  Contribution (%) of non-renewable groundwater abstraction to gross irrigation water 
demand was calculated for Italy (15%), Spain (7%), Turkey (7%) and Greece (2%) [25]. Projected increases in 
irrigation demand in southern Europe will serve to stress limited ground water resources further [26]. Studies 
indicate that Turkey has some of the highest levels of water security threat of the countries in its region. This 
problem is likely to increase with the rapidly rising population and the potential drying associated with rising 
temperatures [27]. Estimates of changes in runoff of between -52% and -61%, and reductions of surface waters in 
the Turkish basins of 20%, 35% and 50% for 2030, 2050 and 2100 have been reported. By 2100 Turkey could 
experience an expansion of arid areas that could lead to increased water stress around the southern Mediterranean 
areas [28]. 
Turkey’s livestock numbers have diminished greatly over the past few decades. Table 1 shows the reduction of 
numbers since 1980 till the present day and makes assumptions on what the numbers might be based on projections 
published by the Turkish Ministry of Food, Agriculture and Livestock. The trend has gone against global numbers 
for livestock over the same time period. 
 
Table 1. Turkeys livestock numbers, Fodder supply and WF for past present and projected (1980 -2020)(Turkish Ministry of Food Agriculture 
and Livestock)                                                                   
Year Cattle population Sheep population Goat population Total Livestock  
1980 16,608,980 46,026,000 18,775,008 81,409,988 
1990 12,603,990 43,647,008 11,942,000 68,192,998 
2000 11,221,000 30,256,000 7,774,000 49,251,000 
2005 10,631,405 25,304,325 6,517,464 42,453,194 
2010 11,454,526 23,089,691 6,293,233 40,837,450 
2015 12,137,811 23,869,355 6,614,251 42,621,417 
2020 12,618,068 22,699,519 6,951,644 42,269,231 
 
Turkey has some of the world’s costliest meat, which has slashed per capita consumption to about a third of that 
in the EU. High fuel and feed prices are partly to blame, but the other main culprit poor genetics [23]. Turkey has 
primarily relied on the by-product of the dairy industry to produce meat. It can be seen in many of the efficient 
meat-producing countries around the world that suitable beef and lamb breeds have to be used if one is to yield meat 
productively. When other countries with similar conditions can produce meat for under $2 per kg and Turkey 
struggles to keep itself afloat at $4 per kg, there is something very wrong [23]. With an aim to improve productivity, 
government policy has pushed for larger production units hoping to squeeze out the inefficient small farmer who 
carries an average herd size of less then 10 animals. The government has provided subsidies and cheap credits for 
investors to establish modern farms with imported better quality genetics and industrial farming methods. This has 
had a mixed result as the newly established large-scale units have mainly relied on intensive feedlot type production 
systems which use water inefficient cereals, silage, lucerne hay and concentrates as their main fodder as opposed to 
the more traditional native pasture grazing as the primary feed in the growing season.  
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Figure 3.  Water footprints of national consumption for countries with a population larger that 5 million (1996-2005) [8]. 
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The water footprint per ton of feed differs among crops and across countries. Since the most significant part of 
the animal water footprint comes from the feed they consume, the water footprint per unit of feed is an important 
factor in the determination of the water footprint of animals and their associated derived products. For this study in 
order to calculate the WF of the total livestock numbers for Turkey as accurately as we could we first broke down 
the cattle (both beef and dairy), sheep and goat numbers into their respective age and breed and type such as cows, 
steers, bulls, heifers and calves in order to ascertain correct levels of feed intake. After completing accurate 
bodyweight estimations for sex, age and breed, we calculated the feed requirement for each grouping. We chose to 
use the Ministry’s method for this assessment. Based on trials carried out on numerous government farms around 
Turkey, the Turkish Ministry of Food, Agriculture and Livestock has created a feed consumption index for all the 
various breed, type and age of livestock presently existing in Turkey. Estimates for feed requirements of various 
livestock were made by comparing their requirements to the maintenance ration of a lactating cow as the base 
figure. All the firures are given as a ratio to his base figure, for example a calf has a ratio of 0.3, a bull has a ratio of 
1.5, a goat 0.08 and a lamb a ratio of 0.04. Table 2 gives the full list of livestock considered. 
 
Table 2.  Livestock Feed Consumption Index for varying livestock types 
in Turkey (Turkish Ministry of Food Agriculture and Livestock). 
Livestock Feed Consumption Index              (LFCI) 
Purebred Holstein Lactating Cow 1.00 
Crossbred Cow 0.75 
Endemic Breed of Cow 0.50 
Imported P/B Heifer 0.60 
Yearling / calf 0.30 
Sheep  0.10 
Goat  0.08 
Lamb and Kid 0.04 
Bull 1.50 
Horse 0.50 
  
Table 3. The global average WF of crop and animal products [10]. 
 Water footprint per unit 
of weight, L/kg 
  Nutritional content Water footprint per unit 
of nutritional value   
Food Item Green Blue Gray Total    Calories, kcal/kg 
Protein,
g/kg  
Fat,
g/kg   
Calories, 
L/kcal  
Protein 
L/g 
of protein 
Fat, 
L/g 
of fat 
Sugar crops 130 52 15 197  285 0.0 0.0  0.69 0.0 0.0 
Vegetables 194 43 85 322  240 12 2.1  1.34 26 154 
Starchy roots 327 16 43 386  827 13 1.7  0.47 31 226 
Fruits 726 147 89 962  460 5.30 2.8  2.09 180 348 
Cereals 1,232 228 184 1,644  3,208 80 15  0.51 21 112 
Oil crops 2,023 220 121 2,364  2,908 146 209  0.81 16 11 
Pulses 3,180 141 734 4,055  3,412 215 23  1.19 19 180 
Nuts 7,016 1,367 680 9,063  2,500 65 193  3.63 139 47 
Milk 863 86 72 1,021  560 33 31  1.82 31 33 
Eggs 2,592 244 429 3,265  1,425 111 100  2.29 29 33 
Chicken meat 3,545 313 467 4,325  1,440 127 100  3.00 34 43 
Butter 4,695 465 393 5,553  7,692 0.0 872  0.72 0.0 6.4 
Pig meat 4,907 459 622 5,988  2,786 105 259  2.15 57 23 
Sheep or goat 
meat 
8,253 457 53 8,763  2,059 139 163  4.25 63 54 
Bovine meat 14,414 550 451 15,415  1,513 138 101  10.19 112 153 
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Table 3 shows the global average water footprint of crop and animal products. Turkey’s animal production WF 
was calculated based on crop production figures attained from the Turkish Ministry of Food Agriculture and 
Livestock, to ascertain shortfalls or excesses. Future projections were calculated also based on published Ministry 
forecasts for the future of the industry. Table 4 shows the total fodder requirements for the whole of Turkeys past, 
present and planned livestock numbers and the WF based on the above index and cropping figures. 
Table 4. Turkeys livestock numbers, fodder supply and WF for past present and projected (1980 -2020) (Turkish Ministry of Food 
Agriculture and Livestock).        
Year Cattle Cattle LFCI Sheep Sheep LFCI Goat 
Goat 
LFCI 
Total 
Livestock  
Total 
Livestock 
LFCI * 
Fodder 
Req**.  
(tonnes) 
Animal 
Product
ion WF 
(m3/yr/c
ap) 
1980 16,608,980 8,813,942 46,026,000 3,221,820 18,775,008 1,126,500 81,409,988 15,649,930 73,554,671 874 
1990 12,603,990 6,688,601 43,647,008 3,055,291 11,942,000 716,520 68,192,998 12,437,430 58,455,921 748 
2000 11,221,000 5,954,685 30,256,000 2,117,920 7,774,000 466,440 49,251,000 10,152,920 47,718,724 630 
2005 10,631,405 5,641,803 25,304,325 1,771,303 6,517,464 391,048 42,453,194 9,279,137 43,611,943 653 
2010 11,454,526 6,078,611 23,089,691 1,616,278 6,293,233 377,594 40,837,450 9,604,840 45,100,000 693 
2015 12,137,811 6,804,741 23,869,355 1,670,855 6,614,251 396,855 42,621,417 9,885,330 46,461,051 732 
2020 12,618,068 7,428,250 22,699,519 1,588,966 6,951,644 417,099 42,269,231 10,046,380 47,217,986 751 
*In the total LFCI other minor breeds were also included in the calculation. 
**The fodder requirement figures are “eaten” feed demand plus 6% to allow for feed wastage observed under good feeding conditions of 
pasture and feedlots in the farm trials. 
 
2. Discussion  
Results of the study showed that Turkey presently can’t grow sufficient fodder to sustain the needs of its 
livestock industry and has in fact been relying on imported fodder to maintain its production levels, to the extend 
where the growers imported large quantities of straw from the Ukraine and Europe to complete the roughage for its 
rations. Although this seems absurd for a country that is the regions largest wheat and barley grower it never the less 
highlights poor planning by the industry’s key players and the government. Taking 2010 as a model year with the 
most recent set of complete figures, Turkey needed 9.6 million lactating cow equivalent units of feed to sustain its 
livestock industry. Based on the Feed Consumption Index above this equates to approximately 45.3 million tonnes 
of fodder, yet the country only managed to produce about 34 million tonnes (12 million tonnes from pasture, 7.9 
million tonnes from crops, 9.1 tonnes of silage, 5 million tonnes from grass fodder grown in and around the small 
barn units or houses of the small scale farms, and about 8 million tonnes of straw which is basically just regarded as 
roughage and not quality feed). The 11 million tonnes of shortfall feed was met by either importing or by selling to 
slaughter what would be generally regarded as quality breeding stock. Being unable to afford or find feed the grower 
is forced to sell his breeding stock for cash flow reasons. This type of behaviour is destined to ruin any livestock 
industry in a country who can ill afford to under utilise its natural resources. There seems to be very little effort 
being made to better utilise ample pasture land in Turkey that could be made available to graziers.  
Irrigated pasture is virtually non-existent in Turkey and the dry land native pasture use has declined to 
approximately 1/2 of the area used back in the 80’s. One of the main reasons for this has been the country’s struggle 
with internal terrorism issues in mainly its eastern Anatolian region where the threat of livestock theft by terrorists 
have all but stopped grazing in open prairie fields. Another impactful factor effecting grazing has been the major 
reforestation programs that have taken place in Turkey over the past couple of decades which has closed up the 
countryside to livestock where once the local small farmer used to graze his animals. These events while greatly 
reducing livestock numbers have also increased the Animal Production WF of the nation to unsustainable levels. A 
country with ample water resources which should be able to sustain its population comfortably is now not only 
importing its red meat but is in serious threat of suffering water scarcity within the decade. Turkey’s present 
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production systems use limited surface catchment water, and instead opt to use blue water by drilling thousands of 
artesian wells to fulfil its animal production water needs. It is only a matter of time before salination and water stress 
will begin adversely impacting production even further. Another means of affordable feed under utilized in Turkey 
are crop by-products. Crop residues and by-products such as bran, straw, chaff and leaves and tops from sugar beet 
have a water footprint of about zero, because the water footprint of crop growing is mainly attributed to the main 
crop products, not the low-value residues or by- products. 
As a result they provide an opportunity to reduce the water footprint of animal production while providing 
valuable forage. Huge reduction in the water footprint of animals can also be obtained by using crops with a 
relatively low water footprint per ton such as sugar beet. Therefore, careful selection of feeds that meet the nutrient 
requirements of the animals and at the same time have a smaller water footprint per ton could significantly reduce 
the indirect use of freshwater resources associated with animal production. 
3. Conclusion 
Food production in general and more specifically feed for animal production are the main culprits for Turkey’s 
high WF rates. Although well endowed with fresh water resources if it doesn’t adopt sustainable water consumption 
methods soon, Turkey will suffer serious water stress within the decade. Some options for improvement include 
increased pasture grazing, better utilization of crop by-products and more appropriate selection of feed crops as 
efficient management techniques. Other measures for reducing Turkeys agricultural WF would be to improve 
catchment management practices by utilizing more surface “green water” for agricultural use rather than the 
continued well drilling to access the “blue water” aquifers. The study showed that as agricultural production by far 
made up the largest (92%) use share of Turkey’s water resources, changing diets by reducing high WF meat diets 
and increasing the less impactful vegetarian diet would have a profound affect on the country’s agricultural WF. In 
addition improving animal genetics, by introducing efficient feed convertors also showed to have a positive impact 
on the national WF. 
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